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BACKGROUND 
 
Peninsular bighorn sheep (Ovis canadensis nelsoni) 
inhabiting the Peninsular Ranges of southern California 
are a federally listed endangered species. The California 
Department of Fish and Wildlife (CDFW) carries out 
population monitoring and recovery under U.S. Fish and 
Wildlife Service (USFWS) Endangered Species Permit 
TE163017-1. This report summarizes peninsular bighorn 
sheep (PBS) radio-collar monitoring, disease surveillance, 
and cause-specific mortality investigations undertaken by 
CDFW from 1 June 2018 to 31 May 2019. In addition, PBS 
data collected by CDFW over the past 27 years is reviewed. 
 
The Peninsular Mountain Ranges contain 9 designated 
bighorn sheep recovery regions occupying portions of 
southern Riverside, western Imperial, and eastern San 
Diego Counties (Map 1). The 9 recovery regions are: 1) San 
Jacinto Mountains (SJM), 2) Northern Santa Rosa 
Mountains (NSRM), 3) Central Santa Rosa Mountains 
(CSRM), 4) Southern Santa Rosa Mountains (SSRM), 5) 
Coyote Canyon (CoC), 6) Northern San Ysidro Mountains 
(NSYM), 7) Southern San Ysidro Mountains (SSYM), 8) 
Vallecito Mountains (VM), and 9) Carrizo Canyon (CC).  
 
CDFW monitored all Very High Frequency (VHF) and 
Global Positioning System (GPS) radio-collared sheep 
range-wide using a combination of ground, satellite, 
remote-download, and aerial telemetry. Ground 
monitoring efforts focused on the following: 1) radio-collared sheep status (alive/dead), 2) mortality investigations, 3) 
observations of sheep group composition, health, and status, and 4) spatial and temporal movements. Satellite-collared 
sheep were monitored every 5 to 10 days with the Iridium satellite Network that delivers messages and location data via 
the internet. A Cessna 185 fixed-wing aircraft was used to conduct aerial telemetry monitoring of radio-collared sheep 
status; however, flight availability was limited during this reporting period and the bulk of monitoring was done from the 
ground.  
 

CDFW Wildlife Management Program Staff 

 
Mr. Randy Botta, Senior Environmental Scientist (Specialist) for the South Coast Region provides oversight for range-wide 
population monitoring activities, manages all capture and survey activities, assists with aerial telemetry flights, and 
supervises one field position. Ms. Janene Colby, Environmental Scientist with the South Coast Region conducts all field 
monitoring, mortality investigations, GIS mapping, data analysis and reporting, and assists with aerial telemetry flights and 
capture and survey activities.  

RADIO-COLLAR STATUS PAST AND PRESENT 
 
This report will review CDFW data for radio-collared Peninsular bighorn sheep range-wide over the past 27 years. A 
reporting period spans a 12-month period from 1 June of one year to 31 May of the following year. For example, reporting 
period 1 started on 1 June 1992 and ended on 31 May 1993 and reporting period 27 started on 1 June 2018 and ended on 
31 May 2019 (Table 1). Hereafter reporting period 27 wilƭ ōŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άŎǳǊǊŜƴǘ ǊŜǇƻǊǘƛƴƎ ǇŜǊƛƻŘέΦ On average,  

Peninsular Bighorn Sheep 

1 ςSan Jacinto Mountains ς168 km2

2 ςN. Santa Rosa Mountains ς194 km2

3 ςC. Santa Rosa Mountains ς257 km2

4 ςS. Santa Rosa Mountainsς562 km2

5 ςCoyote Canyonς250 km2

6 ςN. San Ysidro Mountains ς86 km2

7 ςS. San Ysidro Mountains ς117 km2

8 ςVallecito Mountains ς708 km2

9 ςCarrizo Canyonς866 km2

Recovery Regions
3,208 km2

1

2

9

3

5

6

7

8

4

Map 1
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Table 1. CDFW raw data for the number of bighorn sheep (ewes and rams combined) with radio-collars at the beginning of each reporting period, number captured, 
total number radio-collared over each reporting period, number of collars censored (due to dead batteries or collar drop-off), and number and percentages of 
mortalities by cause. A reporting period is 12 months starting 1 June of one year and ending on 31 May of the following year. 

Years 
Report-

ing 
period 

Collars at 
start of 
period 

Cap-
tured 

Total 
Collared 

Censor-
ed 

Predat-
ion 

Non-
predat-

ion 

Un-
known 

Capture 
related 

Urban 
related 

Total 
Mortal-

ities 

% 
Predat-

ion 

% Non-
predat-

ion 

% Un-
known 

% 
Capture 
related 

% 
Urban 
related 

Total % 
Mortalities 

1992-
93 

1 0 43 43 1 1     1 2%     2% 

1993-
94 

2 41 27 68  8 2 2 3  15 12% 3% 3% 4%  22% 

1994-
95 

3 53  53 4 11 3    14 21% 6%    26% 

1995-
96 

4 35  35  8     8 23%     23% 

1996-
97 

5 27  27 5 3     3 11%     11% 

1997-
98 

6 19 21 40 6 6     6 15%     15% 

1998-
99 

7 28 12 40 3 4  1   5 10%  3%   13% 

1999-
00 

8 32 17 49  3 2 2   7 6% 4% 4%   14% 

2000-
01 

9 42  42  2 1    3 5% 2%    7% 

2001-
02 

10 39 37 76 1 9 1 1 2  13 12% 1% 1% 3%  17% 

2002-
03 

11 62 4 66 6 4  2   6 6%  3%   9% 

2003-
04 

12 54 24 78 25 8  3   11 10%  4%   14% 

2004-
05 

13 42  42 2   1   1   2%   2% 

2005-
06 

14 39 21 60 1 5 2 2 1  10 8% 3% 3% 2%  17% 

2006-
07 

15 49  49   1 2   3  2% 4%   6% 

2007-
08 

16 46 18 64  3 1 1 1 2 8 5% 2% 2% 2% 3% 13% 

2008-
09 

17 56  56 4 2 2   1 5 4% 4%   2% 9% 

2009-
10 

18 47 36 83  4 2 3 1  10 5% 2% 4% 1%  12% 

2010-
11 

19 73 8 81 3 2  1  1 4 2%  1%  1% 5% 

2011-
12 

20 74  74 10 1  1   2 1%  1%   3% 

2012-
13 

21 62 12 74 9 4 3 5   12 5% 4% 7%   16% 

2013-
14 

22 53 18 71 15 4 5 2 1 1 13 6% 7% 3% 1% 1% 18%  

2014-
15 

23 43 49 92  5 3 2 1  11 5% 3% 2% 1%  12%  

2015-
16 

24 81 89 170  12 1 6  1 20 7% 1% 4%  1% 12%  

2016-
17 

25 150 1 151 2 15 1 5  1 22 10% 1% 3%  1% 15%  

2017-
18 

26 127 36 163 24 16 1 3 1 1 22 10% 1% 2% 1% 1% 13%  

2018-
19 

27 117  117 9 8 5 5   18 7% 4% 4%   15%  

27-year total 
& Ave. 

1491 473 1964 130 148 36 50 11 8 253 7.5% 1.8% 2.5% 0.6% 0.4% 12.8%  

 
approximately 19% of radio-collars are lost each year due to a combination of expired batteries (6%) and sheep deaths 
(13%); therefore, radio-collars must be purchased, and captures conducted on a regular basis. Between 2009 and 2017, 
CDFW focused on placing GPS collars within recovery regions that lacked information on sheep movement and distribution 
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(Figure 1). The recovery plan 
(USFWS 2000) recommends 
maintaining active radio-collars 
on approximately 25-30% of the 
adult ewes (females) in each 
recovery region. Maintaining at 
least 25% is important for 
generating reliable mark-resight 
population estimates based on 
helicopter surveys. Furthermore, 
maintaining a representative 
sample of radio-collared PBS is 
necessary to accurately describe 
distribution and movement 
patterns, adult survivorship, cause- specific mortality, and health status. The cost associated with radio-collars and capture 
operations are extremely high, and it has become increasingly difficult for CDFW to procure funds on a regular basis. 
Without consistent funding to maintain active radio-collars on at least 25% of the adult ewes into the future, it will be 
impossible to accurately estimate population abundance and trends. Regular and accurate population estimates are 
crucial to assess if recovery goals can be met. With limited funds available, CDFW has focused efforts on radio-collaring 
ewes since they are the reproductive base of the population. 
 
At the beginning of the current reporting period (1 June 2018), the 9 recovery regions contained 117 (115F, 2M) active 
radio-collared bighorn sheep (Table 2). Over the reporting period, 18 radio-collared sheep died (17F, 1M) and radio-collars 
on 9 ewes became nonfunctional (censored). At the end of the reporting period (31 May 2019), there were 90 (89F, 1M) 
active radio-collared bighorn sheep. Range-wide, approximately 21% of the estimated ewe population was radio-collared 
at the beginning of the reporting period compared to 16% at the end of the reporting period (based on 2016 generalized 
ewe population abundance estimate of 552). Presently, the only recovery regions that are well represented with radio-
collared ewes are the NSRM (54%) and the NSYM (28%). All other recovery regions are poorly represented with CC and 
CoC having only 11% and 4% of the estimated ewe population radio-collared, respectively. A capture to radio-collar 
additional PBS is tentatively planned for fall 2019; however, due to limited CDFW funding, capture activities are only being 
planned for the VM and CC recovery regions. 
 
Table 2. Distribution and numbers of active radio-collared female (F) and male (M) bighorn sheep within the 9 recovery regions starting on 1 June 
нлму ŀƴŘ ŜƴŘƛƴƎ ƻƴ ом aŀȅ нлмфΦ ¢ƘŜ ŜǎǘƛƳŀǘŜŘ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ŦŜƳŀƭŜǎΩ ǊŀŘƛƻ-collared (% F Collared) at the end of May 2019 is based on the generalized ewe 
abundance estimate of 552 obtained from the 2016 helicopter survey. Mortalities are the number of bighorn sheep that died during the reporting period. Censored 
is the number of bighorn sheep that wore radio-collars that became nonfunctional during the reporting period. 

Cate-
gory 

SJM  
F 

SJM  
M 

NSRM 
F 

NSRM 
M 

CSRM 
F 

CSRM 
M 

SSRM 
F 

SSRM 
M 

CoC  
F 

CoC 
 M 

NSYM 
F 

NSYM 
M 

SSYM 
F 

SSYM 
M 

VM 
 F 

VM 
 M 

CC 
 F 

CC M 
Sub-
total  

F 

Sub-
total 
M 

Grand 
Total 

6/1/  
2018 

10 1 17 0 12 0 14 0 3 0 11 0 9 0 19 1 20 0 115 2 117 

mortal-
ities 

3  2  1  3  1    3  2 1 2  17 1 18 

censor-
ed 

1    1  2    3  2      9  9 

5/31/  
2019 

6 1 15 0 10 0 9 0 2 0 8 0 4 0 17 0 18 0 89 1 90 

% F 
Collared 

19%  54%  15%  17%  4%  28%  14%  17%  11%  16%   

POPULATION ABUNDANCE REVIEW 
 
CDFW conducted helicopter surveys to estimate PBS population abundance in recovery regions 5-9 from 1994-2008, and 
range-wide surveys in recovery regions 1-9 in 2010 and 2016 (Table 3). Bighorn Institute conducted helicopter surveys in 
recovery regions 1-4 from 1994-2008. CDFW did not conduct helicopter surveys in 2012, 2014 and 2018 due to lack of a 
state-wide helicopter contract and/or funding limitations. Generalized range-wide population abundance estimates were 

Figure 1. Number of GPS collars placed on bighorn sheep each capture year by recovery region.   
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Figure 1. Number of GPS collars placed on bighorn sheep each capture year by recovery region. 
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derived by summing the estimates for each recovery region; however, a range-wide estimate was not possible in 2004 
because surveys were not conducted in recovery region 3 & 4. A range-wide helicopter survey is anticipated for fall 2020. 
From 1994 to 2010, the range-wide PBS population steadily increased from an estimated 335 to 955 (Figure 2). The most 
recent 2016 range-wide PBS population estimate of 884 demonstrated a stable population. Whether the population has 
remained stable, increased, or decreased is not known since surveys were not conducted in 2018; therefore, the 
importance of regular surveys cannot be overstated. The bulk of the range-wide increases since 2002 were contributed 
by recovery regions 9 and 8 respectively (Table 3). These 2 recovery regions are the largest by area (Map 1) and each 
contain 4 ewe groups (Maps 13 & 15). Recovery region 4 is the third largest by area (Map 1) and consists of 3.5 ewe groups 
(Maps 4 & 8). This recovery region reached an estimated population of 179 in 2006, slightly decreased over the next 2 
surveys and substantially decreased for the 2016 survey (Table 3). Similarly, recovery region 2 increased steadily until the 
2016 survey when the estimate was considerably lower than in the previous 5 survey efforts; however, the survey number 
was likely underestimated based on direct observations of sheep throughout the year. Recovery region 5 has consistently 
increased since survey efforts started. Recovery regions 6 and 7 reached a peak in the 2010 survey and slightly decreased 
in the 2016 survey. Most notably, the population in recovery region 1 has lagged far behind all other recovery regions and 
was consistently low until 2016 when the population estimate dramatically increased threefold.  
 
Table 3. Population abundance estimates (adult rams + adult ewes + yearlings) per Recovery Region (RR) for Peninsular bighorn sheep from 1994 to 2016 based on 
helicopter surveys. Bighorn Institute (BI) conducted helicopter surveys in RR 1-4 from 1994-2008 and used a variety of statistical methods to generate population 
abundance estimates (Green italic numbers). CDFW conducted helicopter surveys in RR 5-9 from 1994-2008, and RR 1-9 in 2010 and 2016: population abundance 
ŜǎǘƛƳŀǘŜǎ όōƭǳŜ ōƻƭŘ ƴǳƳōŜǊǎύ ǿŜǊŜ ƎŜƴŜǊŀǘŜŘ ǳǎƛƴƎ /ƘŀǇƳŀƴΩǎ όмфрмύ ƳƻŘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ tŜǘŜǊǎƻƴ ŜǎǘƛƳŀǘƻǊ ό{ŜōŜǊ мфунύ ǳƴƭŜǎs otherwise noted. Due to a lack 
of a CDFW helicopter contract, surveys were not conducted in 2012 and 2014. 

Recovery 
Region 

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 

RR 1 - San 
Jacinto Mtns. 

17 19 23 17 22 32 21 26 16 
No Range-

wide 
Survey 

No 
Range-
wide 

Survey 

56 

No 
Range-
wide 

Survey 

No 
Range-
wide 

Survey 

RR 2 - N. Santa 
Rosa Mtns. 

117a 94a 22 32 40 57 49 77 90 
No Range-

wide 
Survey 

No 
Range-
wide 

Survey 

37 

No 
Range-
wide 

Survey 

No 
Range-
wide 

Survey 

RR 3 - C. Santa 
Rosa Mtns. 

117a 94a 72 53 115 
No 

Surveys 
163 122 133 

No Range-
wide 

Survey 

No 
Range-
wide 

Survey 

119 

No 
Range-
wide 

Survey 

No 
Range-
wide 

Survey 

RR 4 - S. Santa 
Rosa Mtns. 

117a 94a 35 51 84 
No 

Surveys 
179 155 149 

No Range-
wide 

Survey 

No 
Range-
wide 

Survey 

83 

No 
Range-
wide 

Survey 

No 
Range-
wide 

Survey 

RR 5 - Coyote 
Canyon 

29 37 35 35 35 47 42 52 66 
No Range-

wide 
Survey 

No 
Range-
wide 

Survey 

69 

No 
Range-
wide 

Survey 

No 
Range-
wide 

Survey 

RR 6 - N. San 
Ysidro Mtns. 

68 39 34 33 47 50 79 82 72 
No Range-

wide 
Survey 

No 
Range-
wide 

Survey 

59 

No 
Range-
wide 

Survey 

No 
Range-
wide 

Survey 

RR 7 - S. San 
Ysidro Mtns. 

19 26 41 39 41 47 38 53 55 
No Range-

wide 
Survey 

No 
Range-
wide 

Survey 

42 

No 
Range-
wide 

Survey 

No 
Range-
wide 

Survey 

RR 8 - 
Vallecito 

Mtns. 
29 28 45 64 155b 150b 77 123b 142 

No Range-
wide 

Survey 

No 
Range-
wide 

Survey 

163 

No 
Range-
wide 

Survey 

No 
Range-
wide 

Survey 

RR 9 - Carrizo 
Canyon 

58 34 28 82 127 101b 145 186b 232 
No Range-

wide 
Survey 

No 
Range-
wide 

Survey 

256 

No 
Range-
wide 

Survey 

No 
Range-
wide 

Survey 

Total* 339 277 335 406 511 
Un-

known 
793 567 955 Unknown Unknown 884 Unknown Unknown 

       *This is the sum of recovery regions (Generalized) rather than a range-wide population abundance estimate. 
             aBI reported 1 helicopter survey estimate for all recovery regions combined (RR 1-4) in the Santa Rosa Mountains in 1994 and 1998. 
             bDue to the low proportion of radio-collared animals observed a "markless" population estimator was used. 
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Examining trends in ewe abundance estimates are important as ewes are the reproductive base of the population. 
Furthermore, recovery goals focus on maintaining 25 ewes within each recovery region for 12 consecutive years before 
PBS can be removed from the endangered species list. Lamb:ewe ratios derived from survey results are used as an index 
of lamb survival to approximately 9 months of age (based on a peak parturition in February and surveys conducted in 
November). Ewe abundance trends and lamb survival indices based on CDFW helicopter surveys are summarized below 
for recovery regions 1-9:  
 

1. SJM ς 10 ewes were estimated in 2010; 6 years later the population estimate met and exceeded 25 ewes for the 
first time since recovery efforts started (Figure 3A). Lamb survival was very poor in 2010 but reached a high of 
52% in 2016 (Figure 3B). 

2. NSRM ς 47 ewes were estimated in 2010 but barely 25 ewes were estimated in 2016 (Figure 3A). The estimate in 
2016 was likely underestimated based on field observations. Lamb survival was exceptionally low in 2010 but was 
well above 30% in 2016 (Figure 3B). 

3. CSRM ς Ewe abundance estimates were well above 25 in 2010 and 2016 (Figure 3A). Lamb survival for both survey 
efforts were high at 52% (Figure 3B).  

4. SSRM ς Ewe abundance decreased from 75 in 2010 to 47 in 2016; however, the confidence interval in 2010 was 
exceedingly large (Figure 3A). Lamb survival in 2010 and 2016 was 30% and 25% respectively (Figure 3B).  

5. CoC - Except for low counts in 1998 and 2006, ewe abundance estimates have slowly increased to above 30 ewes 
for the last 3 surveys efforts (Figure 4A). Lamb survival has been above 30% except in 2002 and 2010 (Figure 4B).  

6. NSYM - Ewe abundance estimates reached a low of only 15 ewes in 1998 and 2000 after which the population 
steadily increased to a high of 47 in 2008 (Figure 4C). Since 2008, ewe abundance decreased to an estimate of 28 
ewes in 2016. Confidence intervals were large in 1994 and 2004-2010 and thus the ewe population may either 
have been over or underestimated for those years. Prior to the 2002 survey, there were extreme fluctuations in 
lamb survival indices that ranged between 50% and 13% (Figure 4D). Lamb survival reached a high of 53% in 2002 
but steadily declined each survey to a low of less than 1% in 2010. Low lamb survival within this recovery region 
has been linked to pneumonia based on direct observations and lab necropsy results. Lamb survival rebounded to 
39% in 2016.  

7. SSYM ς Ewe abundance estimates did not exceed 25 ewes until 2002 (Figure 5E). Ewe abundance has been 
maintained at over 25 ewes since 2002 except in 2006 when it was estimated at only 21. While the declining trend 

Figure 2. Generalized range-wide (RR 1-9) peninsular bighorn sheep population estimates from 1994 to 2016 based on helicopter surveys. There were no 
surveys conducted in RR 3 & 4 in 2004 and no range-wide surveys in 2012 & 2014.  
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in lamb survival since 1994 is concerning (Figure 5F), indices have remained above 30% survival except in 1996 
and 2010.  

8. VM ς The trend in ewe abundance estimates has steadily increased since 1996 and have remained above 25 ewes 
since 1998 (Figure 5G). Lamb survival indices show no trend with fluctuations equally above and below 30% 
survival (Figure 5H). 

9. CC ςEwe abundance estimates decreased from 39 in 1994 to only 18 ewes in 1998 (Figure 5I). Since 1998 the ewe 
population trend has increased with all survey estimates well above 25 ewes. However, confidence intervals have 
been notoriously large within this recovery region and likely due to the difficulties in maintaining a representative 
sample of radio-collared ewes in such a large recovery region. There is not a discernable trend in lamb survival 
with 7 out of 10 surveys above 30% survival (Figure 5J). 

Figures 3A & B. CDFW population abundance estimates for adult ewes (A) and Lamb:Ewe ratios (B) per Recovery Regions 1-4 (RR 1-4) based on 2010 and 2016 
ƘŜƭƛŎƻǇǘŜǊ ǎǳǊǾŜȅǎΦ tƻǇǳƭŀǘƛƻƴ ŀōǳƴŘŀƴŎŜ ŜǎǘƛƳŀǘŜǎ ǿŜǊŜ ƎŜƴŜǊŀǘŜŘ ǳǎƛƴƎ /ƘŀǇƳŀƴΩǎ όмфрмύ ƳƻŘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ tŜǘŜǊǎƻƴ Ŝǎtimator (Seber 1982). Error bars 
represent the upper and lower 95% confidence intervals.  
 

RR5 - Adult Ewe Estimates RR5 - Lamb:EweRatiosA B

RR6 - Adult Ewe Estimates RR6 - Lamb:EweRatiosC D

Figure 4A-D. CDFW population abundance estimates for adult ewes and Lamb:Ewe ratios in Recovery Regions 5 & 6 (RR 5 & 6) from 1994 to 2016 based on 
ƘŜƭƛŎƻǇǘŜǊ ǎǳǊǾŜȅǎΦ tƻǇǳƭŀǘƛƻƴ ŀōǳƴŘŀƴŎŜ ŜǎǘƛƳŀǘŜǎ ǿŜǊŜ ƎŜƴŜǊŀǘŜŘ ǳǎƛƴƎ /ƘŀǇƳŀƴΩǎ όмфрмύ ƳƻŘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ tŜǘŜǊǎƻƴ ŜǎǘƛƳŀǘor (Seber 1982). Due to a 
lack of a CDFW helicopter contract, surveys were not conducted in 2012 and 2014. Error bars represent the upper and lower 95% confidence intervals.     

  








































